Spinal processing: anatomy and physiology of spinal nociceptive mechanisms.
The processing of nociceptive input that occurs at the spinal level represents the first stage of effective control over its access to higher regions of the central nervous system. Recent developments in both the anatomy and physiology of nociceptive processing pathways at this level are beginning to yield an integrated understanding of structure and function. Most small afferent axons terminate in the more superficial laminae of dorsal horn, but technical difficulties have, until recently, prevented analysis of the functional properties of identified small fibres. A direct input of nociceptive afferents on to particular dorsal horn neurons is difficult to establish in view of the slow impulse conduction in these fibres and the small size of target neurons in the substantia gelatinosa. The small cells themselves are being analysed for relations between structure and function, using physiological, intracellular staining and immunocytochemical techniques to characterize their properties. They appear to be a highly heterogeneous population with many sub-classes, whether typed according to the transmitter they contain, e.g. enkephalin, to their physiological responses: whether excitatory or inhibitory to nociceptive and other inputs, or to both. The multireceptive neurons that project out of the dorsal horn toward supraspinal regions are, in general, located in deeper laminae and are likely to receive nociceptive information through polysynaptic pathways. The nocireceptive neurons in lamina I, which receive exclusively nociceptive inputs from myelinated and non-myelinated afferents project, at least in part, to thalamic and brain stem regions. Polysynaptic nociceptive pathways in dorsal horn may be subject to different controls from neurons in laminae I and II. Tonic descending inhibition is operative on the former and it is becoming clearly established that descending systems such as those containing noradrenaline, can regulate the access of nociceptive information to higher levels. The mechanisms of such descending controls and the importance of their interaction with segmental control systems, such as those involving the dynorphin opioids, are just beginning to be understood. Many somatosensory neurons in dorsal horn, both the large cells, some of which project supraspinally, and the small cells of superficial laminae, receive convergent nociceptive and non-nociceptive inputs. Although solely nociresponsive neurons are clearly likely to fill a role in the processing and signalling of pain in the conscious central nervous system, the way in which such useful specificity could be conveyed by multireceptive neurons is difficult to appreciate.(ABSTRACT TRUNCATED AT 400 WORDS)